A brief review of exercise, bipolar disorder, and mechanistic pathways. by Thomson,D et al.
		
 
 
 
 
 
 
 
 
 
This is the published version 
 
Thomson,D, Turner,A, Lauder,S, Gigler,ME, Berk,L, Singh,AB, Pasco,JA, Berk,M 
and Sylvia,L 2015, A brief review of exercise, bipolar disorder, and mechanistic 
pathways., Frontiers in Psychology, vol. 6, pp. 147. 
 
 
 
 
 
 
Available from Deakin Research Online 
 
http://hdl.handle.net/10536/DRO/DU:30073072	
	
	
	
	
	
	 	
Reproduced with the kind permission of the copyright owner 
	
	
 
 
 
 
 
Copyright: 2015, Frontiers Media 
 
REVIEW ARTICLE
published: 04 March 2015
doi: 10.3389/fpsyg.2015.00147
A brief review of exercise, bipolar disorder,
and mechanistic pathways
Daniel Thomson1, Alyna Turner2,3,4*, Sue Lauder3,5, Margaret E. Gigler6, Lesley Berk2,7, Ajeet B. Singh2,
Julie A. Pasco2,8, Michael Berk2,3,9,10 and Louisa Sylvia6,11
1 Department of Applied Sciences, Royal Melbourne Institute of Technology University, Bundoora, VIC, Australia
2 Innovation in Mental and Physical Health and Clinical Treatment Strategic Research Centre, School of Medicine, Deakin University, Geelong, VIC, Australia
3 Department of Psychiatry, University of Melbourne, Parkville, VIC, Australia
4 Centre for Translational Neuroscience and Mental Health, School of Medicine and Public Health, University of Newcastle, Callaghan, NSW, Australia
5 Federation University Australia, Ballarat, VIC, Australia
6 Department of Psychiatry, Massachusetts General Hospital, Boston, MA, USA
7 Mental Health and Wellbeing Strategic Research Centre, School of Psychology, Deakin University, Geelong, VIC, Australia
8 Department of Medicine, NorthWest Academic Centre, University of Melbourne, St Albans, VIC, Australia
9 Florey Institute for Neuroscience and Mental Health, Parkville, VIC, Australia
10 Orygen, The National Centre of Excellence in Youth Mental Health, Parkville, VIC, Australia
11 Harvard Medical School, Harvard University, Boston, MA, USA
Edited by:
Andrew Kemp, Universidade de São
Paulo, Brazil
Reviewed by:
Tim Outhred, University of Sydney,
Australia
Davy Vancampfort, KU Leuven,
Belgium
*Correspondence:
Alyna Turner, Innovation in Mental
and Physical Health and Clinical
Treatment Strategic Research
Centre, School of Medicine, Deakin
University, Kitchener House,
P.O. Box 281, Geelong, VIC 3220,
Australia
e-mail: alyna.turner@barwonhealth.
org.au
Despite evidence that exercise has been found to be effective in the treatment of
depression, it is unclear whether these data can be extrapolated to bipolar disorder.
Available evidence for bipolar disorder is scant, with no existing randomized controlled trials
having tested the impact of exercise on depressive, manic or hypomanic symptomatology.
Although exercise is often recommended in bipolar disorder, this is based on extrapolation
from the unipolar literature, theory and clinical expertise and not empirical evidence.
In addition, there are currently no available empirical data on program variables, with
practical implications on frequency, intensity and type of exercise derived from unipolar
depression studies. The aim of the current paper is to explore the relationship between
exercise and bipolar disorder and potential mechanistic pathways. Given the high rate
of medical co-morbidities experienced by people with bipolar disorder, it is possible that
exercise is a potentially useful and important intervention with regard to general health
benefits; however, further research is required to elucidate the impact of exercise on mood
symptomology.
Keywords: bipolar disorder, exercise, mechanistic pathways, depression, hypomania, neurogenesis
BACKGROUND
Bipolar disorder is a chronic condition characterized by elevated
(manic) and depressive episodes often associated with difficulty
functioning and poor quality of life. A diagnosis of bipolar dis-
order is also associated with an increased risk of cardiovascular
disease leading to premature mortality (Roshanaei-Moghaddam
and Katon, 2009; Dome et al., 2012; Crump et al., 2013). Further,
obesity and a sedentary lifestyle are risk factors for diabetes,
metabolic syndrome and cardiovascular disease, all of which dis-
proportionally affect people with bipolar disorder (Elmslie et al.,
2001; Morriss and Mohammed, 2005; Alsuwaidan et al., 2009;
Cairney et al., 2009; Kilbourne et al., 2009). Thus, individuals with
bipolar disorder face the dual struggle of needing to focus their
attention and treatment on not only their mental health but also
their physical health.
Exercise may be an excellent candidate to meet this need.
Exercise unequivocally improves physical heath (e.g., obesity,
cardiorespiratory fitness, blood pressure, cholesterol; Cornelissen
and Fagard, 2005; Church et al., 2007; Department of Health,
2011), but recent data also suggest that exercise is an effective
treatment of depression and anxiety (Daley, 2008; Wipfli et al.,
2008; Rethorst et al., 2009; Moylan et al., 2013; Rethorst and
Trivedi, 2013). These data have prompted some to view exercise
as a first line of treatment for mild to moderate depression (Carek
et al., 2011). Given the promising data for depression and anxiety,
exercise may also prove to be beneficial for the management of
bipolar disorder. Specifically, evidence suggests that exercise is
neuroprotective at least in part by increasing brain derived neu-
rotrophic factor (BDNF; Sylvia et al., 2010). Other mechanisms
will be explored, including the genetic expression and endorphin
hypothesis.
The aim of this review is to understand the amount of exercise
and physical activity currently engaged in by individuals with
bipolar disorder. For the purpose of this review, exercise is defined
as a conscious, planned decision to move and be physically
active, whereas physical activity refers to any movement, including
leisure activity, occupational activity, or other activities of daily
living (Caspersen et al., 1985; Thompson et al., 2003). A second
aim is to evaluate the research on the role of exercise in improving
physical (obesity, blood pressure) and mental (symptoms, quality
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of life) health outcomes in bipolar disorder. Finally, we will
discuss the potential mechanisms of how exercise is suspected of
improving mood and functioning in bipolar disorder.
METHODS
We conducted our search using Google Scholar, Proquest,
CINAHL Complete, PubMed, and PSYCINFO, including unpub-
lished papers in the form of dissertation abstracts using the
search terms bipolar disorder and exercise and bipolar disorder
and physical activity. Based on this initial search, we found 628
articles. We conducted two independent reviews of the literature
by two separate authors (DT and MEG). The review period was
September through November, 2014. We found over 600 articles
when searching for “bipolar disorder” and “exercise” or “bipolar
disorder” and “physical activity.” We then limited this search
by only using studies that focused on adult participants with a
diagnosis of bipolar disorder; studies that included participants
below the age of 18 were excluded, as were studies that were not
in the English language. Studies were also excluded if they did
not explicitly focus on the effects of exercise on patients with
mental illness or if they did not relate directly to the review
topic (i.e., a study that monitored activity levels on patients via
their smartphones saw lower levels of activity, but was merely
correlational; Faurholt-Jepsen et al., 2014). Thus, 13 studies are
included in this review (see Figure 1, Table 1).
RESULTS
PHYSICAL ACTIVITY LEVELS AND BIPOLAR DISORDER
We found 13 empirical studies that have examined the physical
activity levels of individuals with bipolar disorder. In a sample of
60 outpatient adults with bipolar disorder, Janney et al. (2014)
found that 78% of the 17 h day that participants wore their
actigraphs was classified as sedentary (13.5 h per day) and that
no participants achieved 150 min per week of moderate/vigorous
exercise as recommended by UK national guidelines (National
Institute for Health and Clinical Excellence, 2006). These findings
are consistent with several other reports of high rates of physical
inactivity in people with bipolar disorder (Elmslie et al., 2001;
Kilbourne et al., 2007; Shah et al., 2007). These data are limited
as the Elmslie et al. (2001) study only included patients that were
currently euthymic and Kilbourne et al. (2007) despite having a
large sample (N = 2032), utilized only a veteran population and
included individuals with schizophrenia and did not have data on
bipolar subtype or mood state.
Overall, physical activity levels in bipolar disorder appear to
be lower than that of the general population (Elmslie et al., 2001;
Janney et al., 2014), but the data are not conclusive. For example,
a national survey in Canada found no significant differences
in physical activity between people with and without bipolar
disorder (Cairney et al., 2009). However, this study was limited
by the use of self-report measures and the assessment of leisure-
time physical activity only. Moreover, methodological variations,
particularly with regard to the method of assessment of physical
activity, make it difficult to compare across studies. In sum, given
the many factors that negatively impact physical activity in bipolar
disorder, such as higher rates of smoking, obesity, and medication
side effects, it is not surprising that the data suggest that they
are more likely to have sedentary lifestyles (Williams et al., 2009;
Dodd et al., 2010; Vancampfort et al., 2013).
ADJUNCT PHYSICAL ACTIVITY AND BIPOLAR DISORDER
Reported studies are summarized in Table 1. Very few studies
have examined the potential therapeutic effects of physical activity
on bipolar disorder. Ng, Dodd, and Berk invited inpatients to
participate in a walking group and found that it was associated
with improvements in the domains of depression, anxiety and
stress (Ng et al., 2007). Despite several limitations of this study,
including small sample size, lack of control for confounding
variables, open nature, and no specific measure for mania, the
study provides useful preliminary data in establishing exercise as
a viable treatment option for patients with bipolar disorder.
In a study conducted by Hays et al. (2008), 26 patients diag-
nosed with either Bipolar I or Bipolar II Disorder walked or
ran on a treadmill for 20 min at 70% of their age-predicted
maximal heart rate. Findings revealed significant increases in self-
reported well-being and the hormone dehydroepiandrosterone
sulfate, a precursor of the adrenal steroid dehydroepiandrosterone
(Wright et al., 2009). Although levels of dehydroepiandrosterone
and overall well-being improved over the study duration, there
was no significant correlation between the two variables (Hays
et al., 2008).
Daumit et al. (2013) recruited participants (N = 291) who
suffered from serious mental illness—including bipolar disorder
(n = 64, 22%), as well as schizophrenia, schizoaffective disorder,
and major depression—to participate in an 18-month behav-
ioral weight-loss intervention. The treatment consisted of group
exercise sessions as well as individualized weight-management
sessions. The intervention group lost more weight than the con-
trol group, such that 37.8% of participants in the intervention
group lost at least 5% of their initial weight, compared with
22.7% in the control group. These findings show that overweight
and obese individuals with serious mental illness are capable of
implementing lifestyle changes taught by an intervention, despite
the daily difficulties posed by their illness.
In another community-integrated program, Van Citters et al.
(2010) developed a manual for an intervention program known
as “In SHAPE,” a lifestyle intervention manual for patients with
serious mental illness. The pilot study included participants with
schizophrenia, bipolar disorder, or major depressive disorder.
Participants were assigned an individual health mentor and over
9 months work together to set goals regarding healthier dietary
decisions as well as other modules of wellness. Importantly, men-
tal health functioning significantly improved among participants,
as did negative symptoms. Participation in the program was
associated with increased exercise, vigorous activity, and leisurely
walking. Participants also demonstrated a significant reduction in
waist circumference.
Sylvia et al. (2011) developed an integrated psychosocial treat-
ment, or the Nutrition, Exercise, and Wellness Treatment (NEW
Tx), specifically to help individuals with bipolar disorder engage
in healthier lifestyle habits. NEW Tx consists of three modules
to target changes related to eating more nutritiously and with
better portion control, increase weekly exercise as well as improve
other areas of wellness (i.e., sleep, smoking/substance use). In
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FIGURE 1 | Consort flowchart for study selection.
the NEW Tx pilot study, five participants completed the 20-
week individual cognitive behavioral therapy-based treatment.
Participants entering the study tended to be mildly to moderately
depressed [baseline MADRS = 17.2 (5.2); baseline YMRS = 4.4
(2.0); Sylvia et al., 2013b]. Participants attended most of the NEW
Tx sessions and reported high satisfaction with the treatment.
Participants increased intake of vegetables and decreased their
daily intake of sweets. Participants’ weight, cholesterol (total,
high-density lipoprotein cholesterol and low-density lipopro-
tein) triglycerides, and plasma glucose declined from baseline to
20 weeks follow-up. Moreover, participants experienced improve-
ment of depressive symptoms and overall functioning as well as
tripling their amount of exercise. This is one of the first studies to
demonstrate the feasibility and tolerability of an intensive lifestyle
intervention for bipolar disorder with promising data for its
efficacy.
These lifestyle interventions hold promise in that they demon-
strate that participants with serious mental illnesses can succeed
in wellness programs that have been proven successful in the
general population. In order to further examine the efficacy of
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these programs, it is necessary to conduct more studies of this
nature in randomized, controlled trials.
PHYSICAL ACTIVITY AND MANIA
Despite the lack of literature on exercise and physical activity in
bipolar disorder, there is preliminary evidence that exercise may
be a double-edged sword for patients with bipolar disorder due
to it potentially polar-specific effect (Wright et al., 2012; Sylvia
et al., 2013a). Wright et al. (2012) conducted a semi-structured
study with 25 participants diagnosed with bipolar disorder, in
which participants were interviewed on their experiences with
exercise and their illness. Several themes emerged, including that
of the “double-edged sword” theory, or that exercise brought
structure and support for some patients while not helping others.
Specifically, they found that exercise could be beneficial in helping
to direct excess energy, but potentially detrimental in exacerbating
manic symptoms and potentially putting patients at risk for a
spiraling of manic and hypomanic symptoms. The aggravation of
manic symptoms could be mediated by direct effects on mood or
indirectly on excessive goal striving, which has been hypothesized
to be a psychological risk pathway in the disorder (Nusslock
et al., 2007; Alloy et al., 2012). Interestingly, patients described
that forms of exercise with an inherent rhythm may provide a
somewhat calming effect and facilitate mood regulation due to
the cadenced nature of activities such as walking, running, or
swimming (Wright et al., 2012). Importantly, in another study
conducted by Suto et al. (2010), exercise and rest were identified
as being; among the most helpful factors in managing bipolar
disorder, with a specific theme on finding the right type of exer-
cise, which could be individually dependent. Although qualitative
in nature, these studies highlight that components of an exercise
program, including type, intensity, frequency, and duration may
be particularly important to investigate when examining the
relationship between exercise and bipolar disorder.
Although it has been proposed that exercise may have a
double-edged effect on people with bipolar disorder, empirical
evidence is needed to support this claim. In their qualitative study,
Wright et al. (2012) also suggested that while some participants
experienced increased activation levels following exercise, other
participants found exercise to have a calming effect on hypomania
while Suto et al. (2010) recognized exercise as a popular wellness
strategy for patients with bipolar disorder, with a particular theme
on finding the right type of exercise (Suto et al., 2010). This is
a topical debate with important implications, and future studies
are suggested to examine the effects of exercise during mania
and hypomania including potential addiction to exercise in this
population.
Similarly, Sylvia et al. (2013a) conducted a multi-site com-
parative study of a second generation antipsychotic (quetiapine)
versus a classic mood stabilizer (lithium) in a cohort of 482
people with bipolar disorder. Importantly, individuals in a manic,
hypomanic or mixed state at study entry tended to exercise at
a greater frequency than currently depressed individuals. These
data further support that there may be a complex relationship
between bipolar disorder and exercise, although it was unclear if
their mood was driving the exercise behavior, or if there was a
bidirectional relationship. The authors suggested a specific rela-
tionship between exercise frequency and mood polarity, such that
depression is associated with less exercise and mania with more
exercise in people with bipolar disorder. While the association of
increased energy and activity with mania, and its converse with
depression, may simply be an illustration of the core symptoma-
tology of the disorder, another explanation for this polar-specific
relationship could be the behavioral activation system (BAS;
Meyer et al., 2007; Proudfoot et al., 2012; Wright et al., 2012).
The BAS, a neurobehavioural system thought to regulate behavior
in response to incentives and reward, is thought to be hyper-
responsive in individuals with bipolar disorder. While depressive
symptoms may emerge following a failure to achieve, or loss of
goals/reward (BAS deactivation), hypomania or mania may be
triggered in vulnerable individuals following a BAS activation
event (an opportunity to gain a desired reward/goal; Urosevic
et al., 2008). Individuals who are prone to hypomania or mania;
therefore, may be more likely to pursue potentially pleasurable
activities with greater vigor and enthusiasm due to the increased
responsivity of this reward system (Meyer et al., 2007). Exercise
could be considered a goal striving activity, explaining why some
people demonstrate an addiction-like tendency to over exercise
during a manic episode (Meyer et al., 2007; Wright et al., 2012).
In sum, the relationship of physical activity and mania is
still unclear. For example, regular physical activity is associated
with better sleep quality in individuals with bipolar disorder
(Nusslock et al., 2007; Wright et al., 2012), and meta-analytical
reviews have noted that exercise results in increased total sleep,
increased slow wave sleep and decreased REM sleep (Kubitz et al.,
1996; Youngstedt et al., 1997). Given that sleep problems are a
prodromal symptom of mania, physical activity may still have
some benefit just before and during a manic phase (Ng et al., 2007;
Suto et al., 2010; Proudfoot et al., 2011, 2012).
POTENTIAL MECHANISMS OF PHYSICAL ACTIVITY AND BIPOLAR
DISORDER
The association of physical activity and bipolar disorder might be
better understood if the mechanistic pathways could be clarified
(Table 2). This next section will examine the current theories on
how exercise may impact bipolar disorder.
Neurogenesis
One likely mechanism for the benefits observed in bipolar dis-
order is the causal relationship of increased physical activity and
neurogenesis. Exercise is likely a pleiotropic intervention that
engages a wide spectrum of neurobiological systems implicated
in neurogenesis and neuroplasticity, neurotransmission function,
metabolism, immune-inflammatory function and cellular respi-
ration. Data suggest that structured exercise exerts a salutary
effect on these interacting networks and therefore, are capable
of improving psychiatric and somatic health in bipolar disorder
(Alsuwaidan et al., 2009). Several studies have highlighted the
beneficial effects of exercise on brain health, with a particu-
lar focus on the relationship between voluntary exercise and
increased growth factors resulting in neurogenesis, metabolism,
vascular function and neurodegeneration and alleviation of
depressed mood (Ernst et al., 2006; Zheng et al., 2006; Cotman
et al., 2007; Marais et al., 2009; Kucyi et al., 2010; Berk et al., 2011).
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Table 2 | Summary of mechanisms between exercise and bipolar disorder.
Mechanism Process Implications for bipolar disorder
Neurogenesis Pleiotropic, thought to increase neuroplasticity, neurotransmission
function, regulation of growth
Improved somatic and psychiatric health for patients with bipolar
disorder
Epigenetics Facilitation of differential gene expression “Good stress” of physical exercise could increase BDNF
expression to improve neurogenesis
Endorphins Exercise releases endogenous opiates that enhance mood Improved mood, amelioration of mood symptoms, potential
double-edged sword for patients experiencing mania
Exercise is thought to ensure improved brain function by increas-
ing synaptic plasticity, regulation of growth factors and reduction
of peripheral and central risk factors (Cotman et al., 2007).
One of the best candidates for explaining the relationship of
exercise with neurogenesis—to ultimately improve outcomes in
bipolar disorder—is BDNF (Sylvia et al., 2010). Up-regulation
of hippocampal BDNF is a well-documented result of chronic
antidepressant administration as well as one of the most robust,
sustained and consistently demonstrated changes as a result of
exercise (Duman et al., 2008). BDNF is a member of the neu-
rotrophin family and promotes neuronal survival and regenera-
tion and is implicated as a biomarker of disease activity in psy-
chiatric disorders (Frey et al., 2013; Fernandes et al., 2014). This
past year, researchers further clarified the exercise-BDNF pathway.
Specifically, they found that FNDC5, a recently discovered muscle
protein, is elevated by endurance exercise in the hippocampus of
mice and that peroxisome proliferator-activated receptors (PGC-
1α) and FNDC5 regulate BDNF expression in the brain (Wrann
et al., 2013). This model supposes that exercise leads to increased
transcription of PGC-1α and up-regulation of Erra α (a nuclear
receptor estrogen-related receptor) which is necessary to induce
FNDC5 gene expression and ultimately, increase BDNF. Of note,
the upregulation of BDNF through exercise shares a similar
pathway to that of antidepressants which could theoretically lead
to exercise triggering potential manic episodes. Supporting this
theory, studies of animals have found that exercise may also
impact BDNF by increasing serotonin in the frontal cortex and
ventral hippocampus, or mimic the SSRI pathway (Eyers and
Parker, 1997; Marais et al., 2009).
Endorphins
It is also possible that the beneficial effects of exercise on
mood may be due to its association with endorphins (Steinberg
and Sykes, 1985). This theory proposes that exercise is asso-
ciated with release of endogenous opiates including α endor-
phins that improve mood and feelings of well-being. Similarly,
the monoamine hypothesis suggests that exercise results in an
increase release of the monoamine molecules dopamine, sero-
tonin and norepinephrine that are typically reduced in depres-
sion (Pierce et al., 1976). Ernst et al. (2006) also found that an
increase in α endorphins, BDNF, vascular endothelial growth fac-
tor (VEGF), and serotonin release may account for the relation-
ship exercise and positive outcomes on mood and functioning.
Epigenetics
Among hypothesized pathways of exercise and bipolar disorder is
epigenetics as exercise may elevate BDNF via these mechanisms
(Gomez-Pinilla et al., 2011). Epigenetic mechanisms facilitate
differential gene expression, which are subject to environmental
influence and have been implicated in the pathophysiology of
bipolar disorder (Rao et al., 2012; Banigan et al., 2013; Gamazon
et al., 2013; Niculescu, 2013). These mechanisms may mediate
some of the physiological impacts of exercise on body tissues
(McGee and Hargreaves, 2011; Barres et al., 2012). Epigenetic
gene expression alterations induced by “eustress” or “good stress”
of physical exercise appear to have beneficial effects (Sanchis-
Gomar et al., 2012). For example, BDNF methylation has been
implicated in several psychiatric disorders, including bipolar dis-
order (Ikegame et al., 2013). Taken together, it seems plausible
that some of the beneficial associations between exercise and
outcome of bipolar disorders are mediated by epigenetic mech-
anisms.
Other pathways
Exercise increases mitochondrial energy generation (Boushel
et al., 2014), and it is known that in depression, particularly in
bipolar depression that there is decreased mitochondrial bioen-
ergetics capacity (de Sousa et al., 2014). Similarly, in bipolar
disorder there is increased inflammation and oxidative stress
(Berk et al., 2011, 2013; Moylan et al., 2014), and exercise reduces
both markers of systemic inflammation and oxidative stress (Jatoi,
2013). Exercise reduces cortisol, long known as elevated in depres-
sion (Rezaee et al., 2014). Lastly, other factors such as adipokines
are implicated as depression biomarkers (Carvalho et al., 2014),
and the effects of exercise may be mediated by adipokines such as
adiponectin (Yau et al., 2014).
CONCLUSION
Despite the promise of exercise to meet the physical and mental
health needs of individuals with bipolar disorder, there is a dearth
of literature investigating the role of exercise for bipolar disorder.
Furthermore, the current literature is riddled with limitations,
such as small samples, heterogeneous treatment groups, no con-
trol groups, no distinction between types of exercise (structured
exercise programs vs. lifestyle physical activity), clear definitions
of the amount (duration, frequency and intensity) of exercise,
as well as empirical data with regards to mood-state-dependent
effects of exercise for individuals specifically with bipolar disorder.
Finally, high attrition rates are often observed in research with this
population, potentially leading to biased results. As a result, there
is limited information to guide clinicians as to the appropriate
intensity, frequency and duration of exercise for people with
bipolar disorder and it is thus impossible to give bipolar-specific
guidelines for exercise (Barbour et al., 2007; Wright et al., 2012).
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There are promising data that exercise may be a viable and
effective strategy to deal with the depressive phase of bipolar
disorder, but further research is needed to determine the recom-
mended intensity, duration and frequency of exercise programs.
It is also necessary for researchers in the future to differentiate
between physical activity as leisure-based pursuits, occupational
and incidental activity, and more structured, planned, and volun-
tary exercise. In short, due to the unique problems that patients
with bipolar disorder face, such as pharmacotherapy needs, often
extreme fluctuations in mood symptoms, and a high comorbidity
rate, it is imperative that more research be conducted in this arena
so that we can better tailor adjunct lifestyle programs for them.
AUTHOR CONTRIBUTIONS
DT and MG conducted the literature searches; all authors con-
tributed to data interpretation, manuscript preparation and final
approval.
REFERENCES
Alloy, L. B., Bender, R. E., Whitehouse, W. G., Wagner, C. A., Liu, R. T., Grant,
D. A., et al. (2012). High Behavioral Approach System (BAS) sensitivity, reward
responsiveness, and goal-striving predict first onset of bipolar spectrum disor-
ders: a prospective behavioral high-risk design. J. Abnorm. Psychol. 121, 339–
351. doi: 10.1037/a0025877
Alsuwaidan, M. T., Kucyi, A., Law, C. W. Y., and Mcintyre, R. S. (2009). Exercise and
bipolar disorder: a review of neurobiological mediators. Neuromolecular Med.
11, 328–336. doi: 10.1007/s12017-009-8079-9
Banigan, M. G., Kao, P. F., Kozubek, J. A., Winslow, A. R., Medina, J., Costa, J.,
et al. (2013). Differential expression of exosomal microRNAs in prefrontal
cortices of schizophrenia and bipolar disorder patients. PLoS ONE 8:e48814.
doi: 10.1371/journal.pone.0048814
Barbour, K. A., Edenfield, T. M., and Blumenthal, J. A. (2007). Exercise as a treat-
ment for depression and other psychiatric disorders: a review. J. Cardiopulm.
Rehabil. Prev. 27, 359–367. doi: 10.1097/01.HCR.0000300262.69645.95
Barres, R., Yan, J., Egan, B., Treebak, J. T., Rasmussen, M., Fritz, T., et al. (2012).
Acute exercise remodels promoter methylation in human skeletal muscle. Cell
Metab. 15, 405–411. doi: 10.1016/j.cmet.2012.01.001
Berk, M., Kabczinski, F., Andreazza, A. C., Dean, O. M., Giorlando, F., Maes, M.,
et al. (2011). Pathways underlying neuroprogression in bipolar disorder: focus
on inflammation, oxidative stress and neurotrophic factors. Neurosci. Biobehav.
Rev. 35, 804–817. doi: 10.1016/j.neubiorev.2010.10.001
Berk, M., Williams, L. J., Jacka, F. N., O’Neil, A., Pasco, J. A., Moylan, S., et
al. (2013). So depression is an inflammatory disease, but where does the
inflammation come from? BMC Med. 11:200. doi: 10.1186/1741-7015-11-200
Boushel, R., Lundby, C., Qvortrup, K., and Sahlin, K. (2014). Mitochondrial
plasticity with exercise training and extreme environments. Exerc. Sport Sci. Rev.
42, 169–174. doi: 10.1249/JES.0000000000000025
Cairney, J., Veldhuizen, S., Faulkner, G., Schaffer, A., and Rodriguez, M. C. (2009).
Bipolar disorder and leisure-time physical activity: results from a national
survey of Canadians. Ment. Health Phys. Act. 2, 65–70. doi: 10.1016/j.mhpa.
2009.09.003
Carek, P. J., Laibstain, S. E., and Carek, S. M. (2011). Exercise for the treatment
of depression and anxiety. Int. J. Psychiatry Med. 41, 15–28. doi: 10.2190/
PM.41.1.c
Carvalho, A. F., Rocha, D. Q., McIntyre, R. S., Mesquita, L. M., Köhler, C. A.,
Hyphantis, T. N., et al. (2014). Adipokines as emerging depression biomark-
ers: a systematic review and meta-analysis. J. Psychiatr. Res. 59, 28–37. doi:
10.1016/j.jpsychires.2014.08.002
Caspersen, C. J., Powell, K. E., and Christenson, G. M. (1985). Physical activity,
exercise, and physical fitness: definitions and distinctions for health-related
research. Public Health Rep. 100, 126–131.
Church, T. S., Earnest, C. P., Skinner, J. S., and Blair, S. N. (2007). Effects of
different doses of physical activity on cardiorespiratory fitness among sedentary,
overweight or obese postmenopausal women with elevated blood pressure: a
randomized controlled trial. JAMA 297, 2081–2091. doi: 10.1001/jama.297.19.
2081
Cornelissen, V. A., and Fagard, R. H. (2005). Effects of endurance training
on blood pressure, blood pressure-regulating mechanisms, and cardiovascu-
lar risk factors. Hypertension 46, 667–675. doi: 10.1161/01.HYP.0000184225.
05629.51
Cotman, C. W., Berchtold, N. C., and Christie, L.-A. (2007). Exercise builds brain
health: key roles of growth factor cascades and inflammation. Trends Neurosci.
30, 464–472. doi: 10.1016/j.tins.2007.06.011
Crump, C., Sundquist, K., Winkleby, M. A., and Sundquist, J. (2013). Comorbidi-
ties and mortality in bipolar disorder: a Swedish national cohort study. JAMA
Psychiatry 70, 931–939. doi: 10.1001/jamapsychiatry.2013.1394
Daley, A. (2008). Exercise and depression: a review of reviews. J. Clin. Psychol. Med.
Settings 15, 140–147. doi: 10.1007/s10880-008-9105-z
Daumit, G. L., Dickerson, F. B., Wang, N. Y., Dalcin, A., Jerome, G. J., Anderson, C.
A., et al. (2013). A behavioral weight-loss intervention in persons with serious
mental illness. N. Engl. J. Med. 368, 1594–1602. doi: 10.1056/NEJMoa1214530
Department of Health. (2011). At Least Five a Week: Start Active, Stay Active: A
Report on Physical Activity from the Four Home Countries’ Chief Medical Officers.
London: Department of Health.
de Sousa, R. T., Machado-Vieira, R., Zarate, C. A. Jr., and Manji, H. K. (2014).
Targeting mitochondrially mediated plasticity to develop improved therapeutics
for bipolar disorder. Expert Opin. Ther. Targets 18, 1131–1147. doi: 10.1517/
14728222.2014.940893
Dodd, S., Brnabic, A. J. M., Berk, L., Fitzgerald, P. B., De Castella, A. R., Filia,
S., et al. (2010). A prospective study of the impact of smoking on outcomes
in bipolar and schizoaffective disorder. Compr. Psychiatry 51, 504–509. doi:
10.1016/j.comppsych.2009.12.001
Dome, P., Gonda, X., and Rihmer, Z. (2012). Effects of smoking on health outcomes
in bipolar disorder with a special focus on suicidal behavior. Neuropsychiatry 2,
429–441. doi: 10.2217/npy.12.51
Duman, C. H., Schlesinger, L., Russell, D. S., and Duman, R. S. (2008). Voluntary
exercise produces antidepressant and anxiolytic behavioral effects in mice. Brain
Res. 1199, 148–158. doi: 10.1016/j.brainres.2007.12.047
Elmslie, J. L., Mann, J. I., Silverstone, J. T., Williams, S. M., and Romans, S. E.
(2001). Determinants of overweight and obesity in patients with bipolar dis-
order. J. Clin. Psychiatry 62, 486–491. doi: 10.4088/JCP.v62n0614
Ernst, C., Olson, A. K., Pinel, J. P., Lam, R. W., and Christie, B. R. (2006). Antide-
pressant effects of exercise: evidence for an adult-neurogenesis hypothesis?
J. Psychiatry Neurosci. 31, 84–92.
Eyers, K., and Parker, G. (1997). Mastering Bipolar Disorder: An Insider’s Guide to
Managing Mood Swings and Finding Balance. Sydney, NSW: Allen & Unwin.
Faurholt-Jepsen, M., Frost, M., Vinberg, M., Christensen, E. M., Bardram, J. E.,
and Kessing, L. V. (2014). Smartphone data as objective measures of bipolar
disorder symptoms. Psychiatry Res. 217, 124–127. doi: 10.1016/j.psychres.2014.
03.009
Fernandes, B. S., Berk, M., Turck, C. W., Steiner, J., and Goncalves, C. A. (2014).
Decreased peripheral brain-derived neurotrophic factor levels are a biomarker
of disease activity in major psychiatric disorders: a comparative meta-analysis.
Mol. Psychiatry 19, 750–751. doi: 10.1038/mp.2013.172
Frey, B. N., Andreazza, A. C., Houenou, J., Jamain, S., Goldstein, B. I., Frye,
M. A., et al. (2013). Biomarkers in bipolar disorder: a positional paper from
the International Society for Bipolar Disorders Biomarkers Task Force. Aust. N.
Z. J. Psychiatry 47, 321–332. doi: 10.1177/0004867413478217
Gamazon, E. R., Badner, J. A., Cheng, L., Zhang, C., Zhang, D., Cox, N. J., et al.
(2013). Enrichment of cis-regulatory gene expression SNPs and methylation
quantitative trait loci among bipolar disorder susceptibility variants. Mol. Psy-
chiatry 18, 340–346. doi: 10.1038/mp.2011.174
Gomez-Pinilla, F., Zhuang, Y., Feng, J., Ying, Z., and Fan, G. (2011). Exercise
impacts brain-derived neurotrophic factor plasticity by engaging mechanisms
of epigenetic regulation. Eur. J. Neurosci. 33, 383–390. doi: 10.1111/j.1460-9568.
2010.07508.x
Hays, A. E., Goss, F., Aaron, D., Abt, K., Friedman, E., Gallagher, M., et al.
(2008). Hormonal and perceptual changes in bipolar subjects after acute aer-
obic exercise. Med. Sci. Sports Exerc. 40, S17. doi: 10.1249/01.mss.0000321518.
49773.7e
Ikegame, T., Bundo, M., Murata, Y., Kasai, K., Kato, T., and Iwamoto, K. (2013).
DNA methylation of the BDNF gene and its relevance to psychiatric disorders.
J. Hum. Genet. 58, 434–438. doi: 10.1038/jhg.2013.65
Frontiers in Psychology | Emotion Science March 2015 | Volume 6 | Article 147 | 8
Thomson et al. Exercise and bipolar disorder
Janney, C. A., Fagiolini, A., Swartz, H. A., Jakicic, J. M., Holleman, R. G., and
Richardson, C. R. (2014). Are adults with bipolar disorder active? Objectively
measured physical activity and sedentary behavior using accelerometry. J. Affect.
Disord. 152–154, 498–504. doi: 10.1016/j.jad.2013.09.009
Jatoi, A. (2013). Anti-inflammatory therapy: exploring exercise, serum-derived
bovine immunoglobulin/protein isolates, and ruxolitinib for the cancer-
associated weight loss syndrome. Curr. Opin. Support. Palliat. Care 7, 339–341.
doi: 10.1097/SPC.0000000000000014
Kilbourne, A. M., Morden, N. E., Austin, K., Ilgen, M., Mccarthy, J. F., Dalack, G.,
et al. (2009). Excess heart-disease-related mortality in a national study of
patients with mental disorders: identifying modifiable risk factors. Gen. Hosp.
Psychiatry 31, 555–563. doi: 10.1016/j.genhosppsych.2009.07.008
Kilbourne, A. M., Rofey, D. L., Mccarthy, J. F., Post, E. P., Welsh, D., and Blow, F. C.
(2007). Nutrition and exercise behavior among patients with bipolar disorder.
Bipolar Disord. 9, 443–452. doi: 10.1111/j.1399-5618.2007.00386.x
Kubitz, K. A., Landers, D. M., Petruzzello, S. J., and Han, M. (1996). The effects
of acute and chronic exercise on sleep. a meta-analytic review. Sports Med. 21,
277–291. doi: 10.2165/00007256-199621040-00004
Kucyi, A., Alsuwaidan, M. T., Liauw, S. S., and McIntyre, R. S. (2010). Aero-
bic physical exercise as a possible treatment for neurocognitive dysfunction
in bipolar disorder. Postgrad. Med. 122, 107–116. doi: 10.3810/pgm.2010.11.
2228
Marais, L., Stein, D. J., and Daniels, W. M. (2009). Exercise increases BDNF levels in
the striatum and decreases depressive-like behavior in chronically stressed rats.
Metab. Brain Dis. 24, 587–597. doi: 10.1007/s11011-009-9157-2
McGee, S. L., and Hargreaves, M. (2011). Histone modifications and exercise
adaptations. J. Appl. Physiol. 110, 258–263. doi: 10.1152/japplphysiol.00979.
2010
Meyer, B., Rahman, R., and Shepherd, R. (2007). Hypomanic personality features
and addictive tendencies. Pers. Indiv. Dif. 42, 801–810. doi: 10.1016/j.paid.
2006.08.024
Morriss, R., and Mohammed, F. A. (2005). Metabolism, lifestyle and bipolar affec-
tive disorder. J. Psychopharmacol. 19, 94–101. doi: 10.1177/0269881105058678
Moylan, S., Berk, M., Dean, O. M., Samuni, Y., Williams, L. J., O’Neil, A., et al.
(2014). Oxidative & nitrosative stress in depression: why so much stress?
Neurosci. Biobehav. Rev. 45, 46–62. doi: 10.1016/j.neubiorev.2014.05.007
Moylan, S., Eyre, H. A., Maes, M., Baune, B. T., Jacka, F. N., and Berk, M.
(2013). Exercising the worry away: how inflammation, oxidative and nitrogen
stress mediates the beneficial effect of physical activity on anxiety disorder
symptoms and behaviours. Neurosci. Biobehav. Rev. 37, 573–584. doi: 10.1016/
j.neubiorev.2013.02.003
National Institute for Health, and Clinical Excellence. (2006). Bipolar Disorder
Clinical Guidelines. London: NICE.
Ng, F., Dodd, S., and Berk, M. (2007). The effects of physical activity in the acute
treatment of bipolar disorder: a pilot study. J. Affect. Disord. 101, 259–262. doi:
10.1016/j.jad.2006.11.014
Niculescu, A. B. (2013). Convergent functional genomics of psychiatric disorders.
Am. J. Med. Genet. B Neuropsychiatr. Genet. 162B, 587–594. doi: 10.1002/ajmg.b.
32163
Nusslock, R., Abramson, L. Y., Harmon-Jones, E., Alloy, L. B., and Hogan, M. E.
(2007). A goal-striving life event and the onset of hypomanic and depressive
episodes and symptoms: perspective from the behavioral approach system
(BAS) dysregulation theory. J. Abnorm. Psychol. 116, 105–115. doi: 10.1037/
0021-843X.116.1.105
Pierce, D., Kupprat, I., and Harry, D. (1976). Urinary epinephrine and nore-
pinephrine levels in women athletes during training and competition. Eur.
J. Appl. Physiol. Occup. Physiol. 36, 1–6. doi: 10.1007/BF00421628
Proudfoot, J., Doran, J., Manicavasagar, V., and Parker, G. (2011). The precipitants
of manic/hypomanic episodes in the context of bipolar disorder: a review.
J. Affect. Disord. 133, 381–387. doi: 10.1016/j.jad.2010.10.051
Proudfoot, J., Whitton, A., Parker, G., Doran, J., Manicavasagar, V., and Delmas, K.
(2012). Triggers of mania and depression in young adults with bipolar disorder.
J. Affect. Disord. 143, 196–202. doi: 10.1016/j.jad.2012.05.052
Rao, J. S., Keleshian, V. L., Klein, S., and Rapoport, S. I. (2012). Epigenetic
modifications in frontal cortex from Alzheimer’s disease and bipolar disorder
patients. Transl. Psychiatry 2, e132. doi: 10.1038/tp.2012.55
Rethorst, C. D., and Trivedi, M. H. (2013). Evidence-based recommendations for
the prescription of exercise for major depressive disorder. J. Psychiatr. Pract. 19,
204–212. doi: 10.1097/01.pra.0000430504.16952.3e
Rethorst, C. D., Wipfli, B. M., and Landers, D. M. (2009). The antidepressive effects
of exercise: a meta-analysis of randomized trials. Sports Med. 39, 491–511. doi:
10.2165/00007256-200939060-00004
Rezaee, S., Kahrizi, S., and Hedayati, M. (2014). Hormonal responses of combining
endurance-resistance exercise in healthy young men. J. Sports Med. Phys. Fitness
54, 244–251.
Roshanaei-Moghaddam, B., and Katon, W. (2009). Premature mortality from gen-
eral medical illnesses among persons with bipolar disorder: a review. Psychiatr.
Serv. 60, 147–156. doi: 10.1176/ps.2009.60.2.147
Sanchis-Gomar, F., Garcia-Gimenez, J. L., Perez-Quilis, C., Gomez-Cabrera, M.
C., Pallardo, F. V., and Lippi, G. (2012). Physical exercise as an epigenetic
modulator: eustress, the “positive stress” as an effector of gene expression.
J. Strength Cond. Res. 26, 3469–3472. doi: 10.1519/JSC.0b013e31825bb594
Shah, A., Alshaher, M., Dawn, B., Siddiqui, T., Longaker, R. A., Stoddard, M. F.,
et al. (2007). Exercise tolerance is reduced in bipolar illness. J. Affect. Disord.
104, 191–195. doi: 10.1016/j.jad.2007.03.002
Steinberg, H., and Sykes, E. A. (1985). Introduction to symposium on endorphins
and behavioural processes; review of literature on endorphins and exercise.
Pharmacol. Biochem. Behav. 23, 857–862. doi: 10.1016/0091-3057(85)90083-8
Suto, M., Murray, G., Hale, S., Amari, E., and Michalak, E. E. (2010). What works
for people with bipolar disorder? Tips from the experts. J. Affect. Disord. 124,
76–84. doi: 10.1016/j.jad.2009.11.004
Sylvia, L. G., Ametrano, R. M., and Nierenberg, A. A. (2010). Exercise treatment for
bipolar disorder: potential mechanisms of action mediated through increased
neurogenesis and decreased allostatic load. Psychother. Psychosom. 79, 87–96.
doi: 10.1159/000270916
Sylvia, L. G., Friedman, E. S., Kocsis, J. H., Bernstein, E. E., Brody, B. D., Kinrys, G.,
et al. (2013a). Association of exercise with quality of life and mood symptoms
in a comparative effectiveness study of bipolar disorder. J. Affect. Disord. 151,
722–727. doi: 10.1016/j.jad.2013.07.031
Sylvia, L. G., Salcedo, S., Bernstein, E. E., Baek, J. H., Nierenberg, A. A., and
Deckersbach, T. (2013b). Nutrition, Exercise, and Wellness Treatment in bipolar
disorder: proof of concept for a consolidated intervention. Int. J. Bipolar Disord.
1, 24. doi: 10.1186/2194-7511-1-24
Sylvia, L. G., Nierenberg, A. A., Stange, J. P., Peckham, A. D., and Deckersbach,
T. (2011). Development of an integrated psychosocial treatment to address the
medical burden associated with bipolar disorder. J. Psychiatr. Pract. 17, 224–232.
doi: 10.1097/01.pra.0000398419.82362.32
Thompson, P. D., Buchner, D., Pina, I. L., Balady, G. J., Williams, M. A., Marcus,
B. H., et al. (2003). Exercise and physical activity in the prevention and treat-
ment of atherosclerotic cardiovascular disease: a statement from the Council on
Clinical Cardiology (Subcommittee on Exercise, Rehabilitation, and Prevention)
and the Council on Nutrition, Physical Activity, and Metabolism (Subcom-
mittee on Physical Activity). Circulation 107, 3109–3116. doi: 10.1161/01.CIR.
0000075572.40158.77
Urosevic, S., Abramson, L. Y., Harmon-Jones, E., and Alloy, L. B. (2008). Dys-
regulation of the behavioral approach system (BAS) in bipolar spectrum dis-
orders: review of theory and evidence. Clin. Psychol. Rev. 28, 1188–1205. doi:
10.1016/j.cpr.2008.04.004
Vancampfort, D., Correll, C. U., Probst, M., Sienaert, P., Wyckaert, S., De Herdt,
A., et al. (2013). A review of physical activity correlates in patients with bipolar
disorder. J. Affect. Disord. 145, 285–291. doi: 10.1016/j.jad.2012.07.020
Van Citters, A. D., Pratt, S. I., Jue, K., Williams, G., Miller, P. T., Xie, H., et al.
(2010). A pilot evaluation of the in SHAPE individualized health promotion
intervention for adults with mental illness. Community Ment. Health J. 46, 540–
552. doi: 10.1007/s10597-009-9272-x
Williams, L. J., Pasco, J. A., Henry, M. J., Jacka, F. N., Dodd, S., Nicholson,
G. C., et al. (2009). Lifetime psychiatric disorders and body composition: a
population-based study. J. Affect. Disord. 118, 173–179. doi: 10.1016/j.jad.2009.
02.001
Wipfli, B. M., Rethorst, C. D., and Landers, D. M. (2008). The anxiolytic effects
of exercise: a meta-analysis of randomized trials and dose-response analysis. J.
Sport Exerc. Psychol. 30, 392–410.
Wrann, C. D., White, J. P., Salogiannnis, J., Laznik-Bogoslavski, D., Wu, J., Ma, D.,
et al. (2013). Exercise induces hippocampal BDNF through a PGC-1α/FNDC5
pathway. Cell Metab. 18, 649–659. doi: 10.1016/j.cmet.2013.09.008
Wright, K., Armstrong, T., Taylor, A., and Dean, S. (2012). “It’s a double edged
sword”: a qualitative analysis of the experiences of exercise amongst people with
Bipolar Disorder. J. Affect. Disord. 136, 634–642. doi: 10.1016/j.jad.2011.10.017
www.frontiersin.org March 2015 | Volume 6 | Article 147 | 9
Thomson et al. Exercise and bipolar disorder
Wright, K. A., Everson-Hock, E. S., and Taylor, A. H. (2009). The effects of physical
activity on physical and mental health among individuals with bipolar disorder:
a systematic review. Mental Health Phys. Act. 2, 86–94. doi: 10.1016/j.mhpa.
2009.09.001
Yau, S. Y., Li, A., Hoo, R. L., Ching, Y. P., Christie, B. R., Lee, T. M., et al. (2014).
Physical exercise-induced hippocampal neurogenesis and antidepressant effects
are mediated by the adipocyte hormone adiponectin. Proc. Natl. Acad. Sci.
U.S.A. 111, 15810–15815. doi: 10.1073/pnas.1415219111
Youngstedt, S. D., O’Connor, P. J., and Dishman, R. K. (1997). The effects of acute
exercise on sleep: a quantitative synthesis. Sleep 20, 203–214.
Zheng, H., Liu, Y., Li, W., Yang, B., Chen, D., Wang, X., et al. (2006). Beneficial
effects of exercise and its molecular mechanisms on depression in rats. Behav.
Brain Res. 168, 47–55. doi: 10.1016/j.bbr.2005.10.007
Conflict of Interest Statement: No funding has been received to support
this study. Ajeet B. Singh is a casual speaker for Servier Australia, Pfizer
Australia, and Lundbeck Australia. Julie A. Pasco has received grant/research
support from the NHMRC, Perpetual, Amgen (Europe) GmBH, and BUPA
Foundation and has received speaker fees from Amgen and Sanofi Aventis.
Michael Berk is supported by a NHMRC Senior Principal Research Fellowship
1059660 and has received Grant/Research Support from the NIH, Cooperative
Research Centre, Simons Autism Foundation, Cancer Council of Victoria, Stan-
ley Medical Research Foundation, MBF, NHMRC, Beyond Blue, Rotary Health,
Geelong Medical Research Foundation, Bristol Myers Squibb, Eli Lilly, Glaxo
SmithKline, Meat and Livestock Board, Organon, Novartis, Mayne Pharma,
Servier and Woolworths, has been a speaker for Astra Zeneca, Bristol Myers
Squibb, Eli Lilly, Glaxo SmithKline, Janssen Cilag, Lundbeck, Merck, Pfizer,
Sanofi Synthelabo, Servier, Solvay and Wyeth, and served as a consultant to
Astra Zeneca, Bioadvantex, Bristol Myers Squibb, Eli Lilly, Glaxo SmithKline,
Janssen Cilag, Lundbeck Merck and Servier. Louisa Sylvia was a shareholder in
Concordant Rater Systems and serves as a consultant for United Biosource Corpo-
ration, Clinical Trials Network and Institute, Clintara. She receives royalties from
New Harbinger.
Received: 10 October 2014; accepted: 28 January 2015; published online: 04 March
2015.
Citation: Thomson D, Turner A, Lauder S, Gigler ME, Berk L, Singh AB, Pasco
JA, Berk M and Sylvia L (2015) A brief review of exercise, bipolar disorder, and
mechanistic pathways. Front. Psychol. 6:147. doi: 10.3389/fpsyg.2015.00147
This article was submitted to Emotion Science, a section of the journal Frontiers in
Psychology.
Copyright © 2015 Thomson, Turner, Lauder, Gigler, Berk, Singh, Pasco, Berk and
Sylvia. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) or licensor are credited and that
the original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
Frontiers in Psychology | Emotion Science March 2015 | Volume 6 | Article 147 | 10
